Quantum materials that feature magnetic long-range order often reveal complex phase diagrams when localized electrons become mobile. In many materials magnetism is rapidly suppressed as electronic charges dissolve into the conduction band. In materials where magnetism persists, it is unclear how the magnetic properties are affected. Here we study the evolution of the magnetic structure in Nd1−xCexCoIn5 from the localized to the highly itinerant limit. We observe two magnetic ground states inside a heavy-fermion phase that are detached from unconventional superconductivity. The presence of two different magnetic phases provides evidence that increasing charge delocalization affects the magnetic interactions via anisotropic band hybridization.
Quantum materials that feature magnetic long-range order often reveal complex phase diagrams when localized electrons become mobile. In many materials magnetism is rapidly suppressed as electronic charges dissolve into the conduction band. In materials where magnetism persists, it is unclear how the magnetic properties are affected. Here we study the evolution of the magnetic structure in Nd1−xCexCoIn5 from the localized to the highly itinerant limit. We observe two magnetic ground states inside a heavy-fermion phase that are detached from unconventional superconductivity. The presence of two different magnetic phases provides evidence that increasing charge delocalization affects the magnetic interactions via anisotropic band hybridization.
Charge carriers in a periodic array of atoms are found either close to the nuclei or assume a delocalized character where they move freely throughout the crystal. These extreme cases are often well-described in the Mott, Kondo or Fermi liquid theory framework. Materials in intermediate regimes with strong electronic fluctuations are more difficult to describe and can stabilize novel quantum ground states that keep fascinating the condensed matter physics community. Examples include the transitionmetal oxides, pnictides or the heavy-fermion metals [1] [2] [3] [4] .
In materials with partly delocalized electrons, orbital and spin degrees of freedom can trigger magnetic longrange order. Magnetism is often suppressed by increasing charge delocalization, and it is thought that the associated fluctuations are essential for macroscopically coherent phases such as unconventional superconductivity [1] [2] [3] . It is not clear how the magnetic interactions, and the resulting magnetic structure, are modified as the degree of itineracy changes in a material. Ab-initio calculations are at present not accurate enough to deal with the small energy differences that are relevant, particu- ment [12, 13] . In contrast, isotroctural compounds consisting of Nd ions are known to generate non-hybridized local magnetic moments [14] [15] [16] [17] . Previous macroscopic transport measurements have shown that chemical substitution of Nd for Ce in Nd 1−x Ce x CoIn 5 allows to drive the system from the highly itinerant to the completely localized limit [17] . The series displays zero-field magnetic order for x < 0.95 that competes with superconductivity for x ≥ 0.83, and heavy-electron bands are thought to exist for x > 0.5. Hitherto, magnetic order has been explored in detail for x = 0.95 only, where a spin-density wave (SDW) is modulated with Q IC = (q, ±q, 0.5) in reciprocal lattice units (r.l.u) and q ≈ 0.45 [18, 19] . The ordered magnetic moment, µ = 0.13(5)µ B , is aligned along the tetragonal c-axis. As we will now show, the magnetic symmetry is modified within the heavy-fermion ground state upon doping, providing evidence for an evolution of the magnetic exchange couplings upon band hybridization.
Single crystalline Nd 1−x Ce x CoIn 5 with x = 0, 0.16, 0.4, 0.61, 0.75, 0.83, 0.95 and 1 was grown in indium selfflux [12] . The quality of experimental realization with x = 0, 0.16, 0.4, 0.61 and 1 was probed via X-ray powder diffraction at the Material Science (MS-X04SA) beamline of the Swiss Light Source at the Paul Scherrer Institut (PSI), Villigen, Switzerland using a photon wavelength λ = 0.56491Å [20] . The actual Nd concentration of these samples was determined via high-resolution neutron diffraction on HRPT at the Swiss Neutron Spallation Source (SINQ) at PSI with λ = 1.886Å. The Nd concentration in single crystals with x = 0.95 was checked by means of in-beam neutron activation analysis at MLZGarching, Munich, Germany [21, 22] . The macroscopic properties of members with x = 0, 0.16, 0.4, 0.61, 0.75, 0.83 and 1 were investigated via four-probe electrical resistivity and AC/DC magnetization measurements in a Quantum Design PPMS or in cryogenic magnets. The macroscopic and microscopic properties of x = 0.95 are reported in Ref. 19 . The magnetic structure of x = 0, 0.16, 0.4, 0.61 was determined via neutron powder diffraction at HRPT and experimental realizations with x = 0.75 and 0.83 were investigated by means of single crystal neutron diffraction on Zebra at SINQ and on the triple-axis spectrometer IN12 at the Institut LaueLangevin, Grenoble France, respectively. While a neutron wave-length λ = 1.177Å was employed on Zebra, λ = 3.307 and 4.83Å were used on IN12. All magnetic structures were refined with the FullProf suite [23] . Further detailed information are given in the Supplemental Material.
Neutron powder diffraction results on NdCoIn 5 are shown in Fig.  1a and are representative for Nd 1−x Ce x CoIn 5 with x = 0, 0.16, 0.4 and 0.61 (see Supplemental Material). We observe magnetic Bragg peaks at low temperatures, consistent with two symmetryequivalent commensurate propagation vectors Q C = (1/2, 0, 1/2) and (0, 1/2, 1/2). They correspond to different domains that are indistinguishable in a powder diffraction experiment. The evolution of the magnetic Bragg peak intensity at higher scattering angles shows unambiguously that the magnetic moment is oriented along the c-axis. We find an Ising-like structure that is displayed in Fig. 1b [18, 19] , and the absence of intensity at Q C excludes a scenario where different types of magnetic order coexist. The magnetic moment remains aligned along the tetragonal c-axis, but features a sinusoidally modulated structure (see Fig. 1e ).
The doping dependence of the magnetic moment amplitude is shown in Fig. 2a . In the commensurate phase, it monotonically decreases from µ p = 2.56(3)µ B for NdCoIn 5 to 0.90(5)µ B for a Ce concentration of 61%. The modulation direction experiences a rotation in the tetragonal plane and propagates along Q IC for x ≥ 0.75. Here µ p is modified weakly before it is strongly suppressed for x > 0.83. The incommensuration, q(x), in- creases with increasing Ce content (see Fig. 2a inset), which may be attributed to small changes in the Fermi surface. The xT -phase diagram of Nd 1−x Ce x CoIn 5 is shown in Fig. 3 . The series features persistent magnetism up to x = 0.95 that competes with superconductivity at x ≥ 0.83, and a localized charge state for x < 0.5. The key result of our study is that magnetic order is modified between x = 0.61 and 0.75, shifted with respect to the onset of coherent heavy bands and superconductivity.
The superconducting phase at x > 0.8 is believed to arise from magnetic fluctuations of a nearby SDW critical point [24] . The Cooper-pairs in CeCoIn 5 feature d x 2 −y 2 -symmetry that is robust under small Nd substitution [25, 26] . The pairing symmetry reveals nodes along the reciprocal (1, 1, 0)-direction, where low-energy quasiparticles can mediate magnetic order without directly com- peting with the condensate. In consequence, the d-wave order parameter is compatible with the incommensurate wave-vector Q IC , but not with Q C . This is supported by the temperature dependence of the magnetic Bragg peak intensity in Nd 0.17 Ce 0.83 CoIn 5 that shows no anomaly as the temperature is tuned across the superconducting phase boundary (see Fig. 2b ).
The interplay between superconductivity and magnetism observed here is very different from the behavior in isostructural CeCo y Rh 1−y In 5 , where the magnetic moment orientation is altered at the superconducting phase boundary [27] [28] [29] . In Nd 1−x Ce x CoIn 5 magnetic order along Q C is established between 0.61 < x < 0.75 where superconductivity is suppressed (see Fig. 3 ). In contrast, similarities with the xT -phase digram of the iron-based superconductor Fe 1+y Te 1−z Se z are recognized [30] . The material hosts two different types of antiferromagnetic correlations, whose relative weight can be tuned via Se substitution. The dominant correlations at low Se concentrations are associated to weak charge carrier localization that triggers magnetic long-range order. In contrast, antiferromagnetic correlations with a different modulation become important at larger Se concentrations and are thought to be closely related to emergence of superconductivity. Similarly, inelastic neutron scattering studies on Nd 1−x Ce x CoIn 5 with x = 1 and 0.95 have shown that the magnetic fluctuations related to superconductivity possess a symmetry distinct from the magnetic modulation in the localized limit [31, 32] . Thus, an intimate link between magnetic correlations along Q IC and d x 2 −y 2 -wave superconductivity is expected in Nd 1−x Ce x CoIn 5 . A change of magnetic correlations points towards a doping dependent evolution of the magnetic interactions that is related to the degree of electron mobility. This is observed, for instance, in some layered transition-metaloxides, as they establish a charge-and spin-stripe order that allows to accommodate coexisting local antiferromagnetic spin correlations and itinerant charge carriers [33] . In La 2−y Ba y CuO 4 , for instance, the antiferromagnetic Mott-ground state is suppressed for y ≥ 0.05, but the inclusion of mobile hole carriers affects the magnetic exchange couplings stabilizing a stripe order. This ground state competes with superconductivity that is also present for y ≥ 0.05, causing a profound reduction of the critical temperature around y ≈ 1/8. Similarly, the magnetic interactions in Nd 1−x Ce x CoIn 5 may evolve with increasing Ce concentration, and trigger a transition from localized Q C to itinerant Q IC .
The scenario is further clarified by a comparison with isostructural localized-moment magnets that also show a commensurate structure along Q C [14] [15] [16] . The materials feature magnetic order that can be described using an Ising-type Hamiltonian with antiferromagnetic nearest-, next-nearest-neighbor and an inter-layer exchange coupling [16] . Field dependent magnetization and susceptibility measurements inside the antiferromagnetic phase for fields along the tetragonal c-axis can reveal valuable information about the exchange couplings. They show two critical fields, H 1,2 , and a plateau region with increasing magnetic field. The ratio of H 1,2 and the ordered moment, µ p , is directly related to the magnetic exchange couplings [16] . Similar measurements on Nd 1−x Ce x CoIn 5 with x = 0, 0.16, 0.4 and 0.6 are shown in Fig. 4a and b and the doping dependence of H 1,2 /µ p is displayed in Fig. 4c . These results reveal a significant change of the magnetic interactions for x > 0.5, coinciding with the onset of the heavy-fermion ground state where localized f -electrons become mobile via hybridization with the conduction band.
The underlying microscopic process of the heavyfermion ground state is driven through collective screening of the conduction electrons, minimizing the total angular momentum of the local 4f -moments. While this is favorable for Ce-ions (Ce
3+ remains in a stable J = 9/2 configuration. Such a case can be described best using a phenomenological two-fluid model, in which two coexisting contributions of either f -electrons that are hybridized at low temperatures or residual local moments are assumed [13, 34, 35] . Since the Ce-4f ground state wave-function in this family of compounds is hybridized mainly with In-p orbitals [36] [37] [38] , it is conceivable that the antiferromagnetic nearest-, next-nearest-neighbor and inter-layer exchange coupling are affected differently as band hybridization becomes stronger with increasing Ce concentration (see Fig. 1b ). This scenario can naturally explain a change in magnetic symmetry inside the heavy-fermion ground state, as opposed to a case where all interactions change on an equal footing.
It is noted that the evolution of the hybridized 4f -wave function in doped CeCoIn 5 strongly depends on the chemical element that is substituted. While Cesubstitution simply yields a decrease in the fluid accounting for hybridized f -electrons, doping at the other chemical sites have a more complex impact on the electronic ground state [36] [37] [38] [39] . It has been shown, for instance, that substitution of the transition metal affects the shape of the Ce-4f ground state wave-function [38] . Upon increasing Rh doping the 4f -orbital is squeezed into the tetragonal basal plane, mainly decreasing the hybridization with the out-of-plane In-p orbitals. This drives the system away from the superconducting ground state and into different magnetic phases [27] [28] [29] . Substitution on the In-site can also affect the shape of the Ce-4f ground state wave-function, but a recent study has shown that it remains unchanged under Cd substitution [39] . In this compound magnetic order is thought to arise via a local nucleation process, without altering the global electronic structure [40] .
A similar controversy has also arisen lately for magnetic order in Nd 1−x Ce x CoIn 5 at small x [41] [42] [43] [44] .
De Haas-van Alphen effect measurements on Nd 1−x Ce x CoIn 5 , predictions on the behavior of the static spin susceptibility upon (non-)magnetic substitution of Ce in CeCoIn 5 and the observation of magnetic order in 5% Gd-doped CeCoIn 5 suggest that magnetic order is triggered by an instability in the band structure [41, 42] . In contrast, some theoretical models argue that local magnetic droplets play a decisive role [43, 44] . In this scenario magnetism is mediated inside a d-wave superconducting background via strong magnetic fluctuations triggered by the nearby SDW critical point. Since we find that magnetic order along Q IC persists down to x = 0.75 that is both, outside the superconducting dome and far from the SDW critical point, our results are in line with a non-local picture involving the Fermi surface topology.
In summary, we report the evolution of magnetism in the series Nd 1−x Ce x CoIn 5 from the localized (x = 0) to the highly itinerant limit (x = 1). We observe two different magnetic structures with moments along the tetragonal c-axis. Magnetic order is Ising-like with Q C = (1/2, 0, 1/2) and (0, 1/2, 1/2) for materials with x ≤ 0.61, and amplitude modulated with Q IC = (q, ±q, 0.5) with q ≈ 0.44 for x ≥ 0.75. We find that delocalization of Ce4f electrons at x > 0.5 affects the magnetic interactions, providing evidence for anisotropic hybridization effects. Increasing charge itinerancy leads to a magnetic transition between x = 0.61 and 0.75. This occurs far away from the emergence of unconventional superconductivity and is thus unrelated. Our results demonstrate that the magnetic interactions strongly depend on the degree of 4f -electron hybridization with the conduction electrons. This emphasizes the need to include hybridization dependent magnetic interaction in theories describing quantum materials close to the Kondo breakdown, and offers new perspectives for the interpretation of the physical properties in heavy-fermion materials.
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Materials and Methods
Sample synthesis Single crystalline Nd1-xCexCoIn5 was grown in an In self-flux with 3% Nd1-xCex, 3% Co and 94% In [1] . The high purity starting elements were placed in alumina crucibles and heated to 1150 • C using evacuated and sealed quartz tubes. After a 30 minutes motorized rotation of the ampoule, the liquid was cooled to Ti x with 100 • C/h. The subsequent cooling was performed with a rate of 3 • C/h and interrupted at Tf x , where the sample was quenched to room temperature. The excess of indium flux was separated from the single crystals by means of centrifugation and the remaining In flux was dissolved with HCl acid. The sequence was found to be optimized with 
Material characterization and neutron powder diffraction
The sample quality of Nd1-xCexCoIn5 with x = 0, 0.16, 0.4, 0.61, and 1 was investigated by X-ray powder diffraction at the Material Science (MS-X04SA) beamline of the Swiss Light Source at the Paul Scherrer Institut (PSI), Villigen Switzerland. Ground single crystals were filled into quartz capillaries with diameter d = 0.1 mm and exposed to a photon wave-length λ = 0.56491 Å [2] . Diffracted photons were detected by a Mythen-II detector. The actual Nd concentration and magnetic structure of these samples were determined via high-resolution neutron powder diffraction on HRPT at the Swiss Neutron Spallation Source (SINQ) at PSI. Ground single crystals of about m = 3 g were filled in vanadium double-walled cans with inner and outer diameter d = 8 and 9.2 mm, respectively. The samples were inserted in an orange cryostat and exposed to a neutron wave-length λ = 1.886 Å at T = 1.8 and 15 K. The actual Nd concentration for x = 0.95 was determined using in-beam neutron activation analysis in MLZ Garching, Munich, Germany [3, 4] .
Macroscopic measurements
The macroscopic properties of members with x = 0, 0.16, 0.4, 0.61, 0.75, 0.83, and 1 were investigated via electrical resistivity and AC/DC magnetization measurements in a Quantum Design PPMS or in cryogenic magnets. Electrical resistivity was measured via a four-probe setup. DC magnetization was measured on powder samples using a field of µ0H = 100 mT. The Kondo coherence temperature Tcoh and superconducting critical temperature Tc were defined via the center of the broad coherence peak and at 50% loss of the electrical resistivity, respectively. The Néel temperature TN was determined via DC magnetization at the maximal gradient of M/ H*T. 
Magnetic structure determination
The diffraction results were analyzed with the FullProf suite [5] . Three irreducible representations with magnetic moment orientations along the tetragonal major axes were found for QC in P4/mmm. The best refinement for NdCoIn5 was obtained for a moment along the c-axis with Rf = 15% and Rf > 35% for other representations. Similar results were found for x = 0.16, 0.4 and 0.61. The magnetic refinement on Nd0.17Ce0.83CoIn5 was performed on seven independent magnetic Bragg peaks and provides evidence for an amplitude modulated structure with a magnetic moment oriented along the c-axis (Rf = 4%). Other irreducible representations predict magnetic moments in the tetragonal plane, for which Rf > 30% was obtained. An equal domain population was assumed in all refinements and Ce 3+ /Nd +3 magnetic form factors were used in concentrations respecting their content in the samples.
The discrepancy in the Rf values between powder and single-crystal refinements arise mainly from technical challenges. Neutron powder diffraction on samples in vanadium double-walled cans substantially decreases the signal to noise ratio when compared to single crystal diffraction experiments on a triple-axis instrument. The neutron powder diffraction results were refined using three contributing phases, accounting for structural and magnetic Bragg peaks of the sample and structural Bragg peaks of the can. In contrast, structural and magnetic refinements were performed independently in the single crystal diffraction experiment. Finally it is noted that the main contribution to the magnetic powder refinements arise from the (0.5, 0, 0.5), (0.5, 1, 0.5) and (0.5, 1, 1.5) Bragg peaks, as opposed to the single crystal refinement of Nd0.17Ce0.83CoIn5 where seven magnetic Bragg peaks were used.
The microscopic properties of Nd0.25Ce0.75CoIn5 were investigated around the (1.44, 0.44, 0.5), (1.56, 0.56, 0.5), (0.44, 0.44, 1.5), (1.5, 0, 0.5) and (1.5, 0, 1.5) reciprocal lattice positions. The relative magnetic Bragg peak intensities along QIC (and absence thereof for QC) provide evidence for a c-axis oriented amplitude modulated structure, without signatures of a QIC-QC phase coexistence. No magnetic moment refinement was carried out for this compound, because the magnetic Bragg peaks along QIC were investigated solely via reciprocal (h, h -1, 0.5) and (h, h, ! 3 1.5) scans. The absolute magnetic moment amplitude for the other compositions was determined via precise measurements of the integrated Bragg peak intensity, which require additional θ-scans (sample rotation around the axis perpendicular to the scattering plane).
Supplementary Results
Sample characterization
The sample quality of Nd1-xCexCoIn5 with nominal concentrations xnom = 0, 0.2, 0.4, 0.6, and 1 was investigated using high-resolution X-ray powder diffraction. The structural analysis provides evidence that all compositions were synthesized in a clean form with residual impurity contributions smaller than 2%. The linear shift of the tetragonal lattice parameters as a function of Ce substitution is consistent with previous reports [6] and shown in Fig. S1a . This provides evidence that the Ce substitution is uniform in the series and that no supplementary inter-grown phases are stabilized during the synthesis. No differences in the diffraction patterns among batches with identical nominal Ce concentration were observed (see Fig. S1a ). 
